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(54) Computer bus expansion 

(57) An arrangement is provided whereby an expan- 
sion card can be inserted in a multi-contact computer 
backplane connector and then gates provided between 
bus lines and respective connector contacts can be en- 
abled. Hot insertability of the card and improved fault 
protection results. A plurality of gate signals for respec- 
tive connectors can be provided so that a bus controller 
can selectively supply a gate signal for enabling trans- 
mission gates of only one connector for a given bus cy- 



cle, thereby providing dynamic cycle switching of the 
cards. The transmission gates can be provided in a 
backplane connector for a card. Preferably, a power 
supply signal is supplied to a switch gate connected be- 
tween a power line and a power contact of the connector 
when a card has been inserted in a connector such that 
power is only supplied to the card only after insertion. A 
bus request signal can be enabled after a predeter- 
mined delay following the supply of power to the card. 
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Description 

This invention relates to managing an expandable 
computer bus architecture. 

Open system architectures are well known in com- 
puter systems. Open computer system architectures 
are based on the provision ot a computer bus which can 
be expanded by means of expansion cards. In order to 
provide for computer bus expansion, on a typical back- 
plane, or motherboard, a computer bus will be provided 
with a number of sockets into which expansion cards 
can be inserted. There are a number of different stand- 
ards for computer bus expansions. One conventional 
standard is the PCI (Peripheral Component Interface) 
architecture. The PCI architecture enables a bus to be 
expanded by the insertion of cards, but the standard PCI 
architecture is less than ideal for a highly reliable system 
for a number of reasons. Firstly, PCI cards are not hot 
replaceable, meaning that the cards cannot be inserted 
when the system is actually running. Accordingly, it is 
necessary to turn off the main computer system in order 
to carry out maintenance and insert new cards. Also, it 
is difficult to tell exactly which card might be generating 
a fault which can be identified on the bus. Accordingly, 
this increases maintenance and repairs costs where a 
fault develops. A further difficulty of PCI cards is the lim- 
itation placed on the size of the system which can be 
produced due to the bus trace length limit for signal 
propagation. This is a particular problem if easy main- 
tenance is to be enabled. Reliable and easily maintained 
systems may demand a configuration of bus paths 
which results in particularly long signal paths. This limits 
the physical size of the system which can be manufac- 
tured due to transmission line factors. 

It is an aim of the present invention to address at 
least some of the above identified problems of conven- 
tional bus systems. 

In accordance with one aspect of the invention, 
there is provided a backplane for a computer system, 
the backplane having at least one multi-contact connec- 
tor for expansion cards, at least one bus line for connec- 
tion to a predetermined contact of the connector(s), a 
gate connecting the bus tine to a predetermined contact, 
and a gate signal line for supplying a gate signal to the 
gate. 

The provision of a gate between the bus line and 
the connector contact enables control of the input/output 
to a card inserted or to be inserted in the connector. 

Thus, the contact can be enabled selectively, for ex- 
ample continuously from some predetermined time or 
for a particular bus cycle. This control provides a basis 
for enabling hot insertion and removal of a card for a 
running system, in that the appropriate contacts can be 
disabled, preventing bus errors and card malfunctions. 
Also, where a PCI bus controller on the backplane is to 
be provided, standard cotd-insertable PCI cards can be 
used. 

Preferably, a respective gate signal line is provided 



for each of a plurality of connectors, whereby selective 
control of the gates for respective connectors can be 
provided. This further enables dynamic cycle switching 
of the cards to be achieved. 

5 Preferably, the bus comprises at least a plurality of 
data lines for connection to respective data contacts of 
a connector, a respective transmission gate (preferably 
implemented by a pair of FETs - field effect transistors) 
being provided between each data line and the respec- 

io tive contact of the connector, thereby enabling selective 
gating of the data and address signals to and from a 
connected card. For a multi-connector system, a re- 
spective gate signal line can be provided for each of a 
plurality of connectors, with the gate signal being sup- 

*5 pHed tn parallel to each transmission gate of a connec- 
tor. Alternatively, a plurality of gate signal lines can be 
provided for a connector so that individual transmission 
gates can be enabled at timings selected for the lines 
concerned. 

20 Preferably also, at least one power line is provided 
for connection to a power contact of the connector(s), a 
switch gate (preferably implemented by an FET) being 
connected between the power line and the power con- 
tact of a connector and a power signal line for supplying 

2S a power control signal to control the switch gate. This 
enables the selective application of power to the card 
following correct insertion of the card. 

Preferably, also, at least one bus request line is con- 
nected to a bus request contact of a connector and a 

30 bus request gate for selectively passing the bus request 
signal from the bus request connector to the bus request 
line. Preferably, the bus request gate is operable in use 
to pass a bus request signal only after a predetermined 
delay following power being supplied to a card connect - 

35 ed to the connector. In this way, it is possible to allow for 
the circuits of card to settle after application of power to 
the card, avoiding transients and other false signals 
from disrupting the operation of a computer system in- 
corporating the backplane. 

40 The gate signal line can be implemented using a 
strobe line common to each connector, the strobe line 
being active, in use, as the gate line when a radial ad- 
dress signal on a radial address signal line for the con- 
nector is active. 

45 in accordance with another aspect of the invention, 
there is provided a multi-contact connector for the con- 
nection of an expansion card to a computer backplane, 
the connector comprising a gate electrically connected 
in-line between a connector pin for connection to a line 

50 on a backplane and a contact for connection to a corre- 
sponding contact on an inserted expansion card, a gate 
signal input of the gate being electrically connected to 
a connector pin for connection to a gate signal line. 
Preferably, a plurality of transmission gates (each 

55 preferably implemented by a pair of FETs) are provided, 
each electrically connected in-line between a respective 
connector pin for connection to a line on a backplane 
and a respective contact for connection to a correspond* 
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ing contact on an inserted expansion card. Respective 
gate signal inputs for each of transmission gates are 
electrically connected to a common connector pin for 
connection to a gate signal line. 

Preferably, the connector also comprises a switch s 
gate (preferably implemented by an FET) electrically 
connected in-line between a connector pin for connec- 
tion to a power tine on a backplane and a contact for 
connection to a corresponding power contact on an in- 
serted expansion card, a control input of the switch gate 
being electrically connected to a connector pin for con- 
nection to a power signal line. 

In accordance with a further aspect of the invention, 
there is provided a computer system comprising a back- 
plane, at least one multi-contact connector on the back- 
plane for expansion cards, at least one bus line on the 
backplane for connection to a predetermined contact of 
the connector(s), a gate connecting the bus line to a pre- 
determined contact, a gate signal line for supplying a 
gate signal to the gate, and a bus controller connected 
to the bus line for data transmission and connected to 
the gate signal line for supplying a gate signal for the 
gate. 

Preferably, a respective gate signal line is provided 
for each of a plurality of connectors, the bus controller 
selectively supplying gate signals for enabling the gates. 

Preferably, the bus comprises at least a plurality of 
data lines for connection to respective data contacts of 
a connector, a respective transmission gate being pro- 
vided between each data line and the corresponding 
contact of the connector. In this case, a respective gate 
signal line is preferably provided for each of a plurality 
of connectors, the bus controller selectively supplying a 
gate signal in parallel to each transmission gate of only 
one connector for a given bus cycle for enabling the 
transmissions gates of the connector for the given bus 
cycle whereby dynamic cycle switching can be provid- 
ed. 

Preferably also, at least one power line is provided 
for connection to a power contact of the connectors), a 
switch gate connected between the power line and the 
power contact of a connector, a power signal line for 
supplying a power control signal to control the switch 
gate of the connector, wherein the bus controller selec- 
tively applies a power control signal on the power control 
signal line when a card has been inserted in the con- 
nector. 

Preferably, also, at least one bus request line con- 
nected to a bus request contact of a connector and bus 
request gate for selectively passing the bus request sig- 
nal from the bus request contact. More preferably, the 
bus request gate is operable in use to pass a bus re- 
quest signal only after a predetermined delay following 
power being supplied to a card connected to the con- 
nector. 

In a preferred embodiment of the invention, the bus 
controller comprises an address decoder providing ge- 
ographic decoding of address signals for respective 



cards, whereby the bus controller can determine in ad- 
vance the source of a response to any bus cycle before 
the bus cycle commences. 

Where the bus is a PCI bus, the provision of geo- 
graphic addressing enables conventional PCI cards to 
be used with the significant advantage that isolation of 
faults in a particular PCI card is facilitated. Indeed, in 
accordance with a further aspect of the invention, there 
is provided a method of configuring a PCI bus mecha- 
nism to provide geographic addressing of cards con- 
nected to the bus, whereby the bus controller can de- 
termine in advance the source of a response to any bus 
cycle before the bus cycle commences. Geographic ad- 
dressing in a PCI context overcomes the difficulty of pri- 
or PCI implementations in which the isolation of faults 
on a PCI bus is difficult and time consuming. As the bus 
controller can determine in advance the source of a re- 
sponse to any bus cycle before the bus cycle commenc- 
es, the location of a faulty card can be readily identified. 

In accordance with a further aspect of the invention, 
there is provided a method of connecting an expansion 
card to a backplane of a computer system, the method 
comprising steps of: inserting an expansion card into a 
multi-contact connector for the expansion card; and 
subsequently enabling a gate provided between a bus 
line and a connector contact by supplying a gate signal 
on a gate signal line to the gate. The method can include 
the hot -insertion of the card into the multi-contact con- 
nector. 

To facilitate fault isolation and to reduce transmis- 
sion line problems, the bus controller preferably sup- 
plies a gate signal for enabling the transmission gates 
of only one connector for a given bus cycle. 

The method can include a further step between the 
insertion step and the enabling step of: supplying a pow- 
er supply signal to a power switch connected between 
a power line and a power contact of the connector when 
the card has been inserted in the connector, whereby 
power is supplied to the card only after insertion, thereby 
providing dynamic cycle switching. 

The method can also include a further step after the 
step of supplying a power signal of: enabling a bus re- 
quest signal to be passed from a bus request contact of 
the connector only after a predetermined delay following 
the supply of power to the card. These further steps fa- 
cilitate the insertion of the card when the computer is 
system is live. 

A method of an embodiment of the invention em- 
ploys geographic addressing by a bus controller to cards 
connected to the computer system, whereby the bus 
controller can determine in advance the source of a re- 
sponse to any bus cycle before the bus cycle commenc- 
es. 

Exemplary embodiments of the present invpntior* 
will be described hereinafter with reference to the ac- 
companying drawings in which like reference signs are 
applied to like elements and in which; 
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Figure 1 is a schematic cross section of a computer 
system showing a backplane and a number of ex- 
pansion cards; 

Figure 2 is a schematic plan view of the backplane 
of Figure 1; 

Figure 3 is a schematic diagram illustrating some of 
the connections from a bus controller to an inse lia- 
ble card; 

Figure 4 illustrates in more detail some of the ele- 
ments of Figure 3; 

Figure 5 is a schematic representation of a connec- 
tor for an expansion card; 
Figure 6 is a flow diagram illustration hot insertion 
of a card; 

Figure 7 is a schematic diagram illustrating aspects 
of geographical addressing; 
Figure 8 represents one possible technique for pro- 
viding signal in one embodiment of the invention. 

Figure 1 is a schematic cross-section of a computer 
system 10, which comprises of a backplane, or mother- 
board, or main board 20. Although reference is made 
hereinafter to a "backplane", it should be understood 
that the reference to a backplane is intended to relate 
to a board or other carrier plane on which at least one 
bus is provided, and to which at least one expansion, or 
additional card can be connected via a connector, or 
socket. 

In Figure 1 , a bus controller 22 is represented sche- 
matically on the backplane 20. The bus controller 22 is 
connected via a bus 24 to a plurality of sockets, or con- 
nectors, 30, 32 and 34. Each of the connectors 30, 32 
and 34 is provided with a plurality of contacts for making 
contact with corresponding contacts on an insertable 
card. In Figure 1 , two cards 40 and 44 are shown insert- 
ed in the connectors 30 and 34, respectively- The indi- 
vidual cards 40 and 44 are provided with electronic cir- 
cuits and or other components 46 which are connected 
by printed circuit or other wiring 48 to connectors pro- 
vided at one edge of the card, either directly at the edge 
on the card or by means of a separate connector (not 
shown). It will be noted that the connector 32 is not pop- 
ulated in Figure 1. A further card, 42 could also be in- 
serted in the connector 32 to expand the computer sys- 
tem 10. Figure 1 also illustrates the card 42 provided 
with circuits 46, connected by printed circuit wiring 48 to 
an edge connector 38. 

In order to avoid having to turn off the computer sys- 
tem 10 in order to be able to insert the card 42, it would 
be desirable to be able to hot insert the card 42. In ac- 
cordance with an embodiment of the present invention, 
this would be possible as will be described hereinafter. 

Figure 2 is a schematic plan view of the backplane 
20 illustrated in side view in Figure 1 . Figure 2 is a sche- 
matic diagram showing only those components relevant 
to the description of the present invention. In addition to 
the components shown in Figure 1 , and identified by like 
reference numerals, Figure 2 schematically shows a 



processor 26 connected to the bus controller 22 and 
schematically shows additional circuitry 28. 

It will be appreciated that the computer system 10 
can include any normal configuration of a computer sys- 

s tern with additional circuitry including timing circuitry, 
control circuitry, data storage devices, etc. Also, as 
shown schematically in Figure 1 , data entry and output 
devices such as a keyboard 12 and display 14 can form 
part of the computer system 10, as can a connection to 

10 a network 16, etc. Some of the connections to external 
devices such as a display 14, or an external network, 
can be provided by means of the circuitry on one of the 
insertable cards, or alternatively such interfaces can be 
provided from the backplane circuitry 28 in a manner 

is which will be immediately apparent to one skilled in the 
art 

The bus 24 shown schematically in Figures 1 and 
2 comprises many different signal lines. Some of the sig- 
nal lines of a bus in accordance with the present inven- 

20 tion are shown in Figure 3. Some of the bus signal lines 
for connection to the insertable cards are required per- 
manently. Such signals include, for example, power and 
clock signals and output signals such as a bus request 
signal which needs to be observed permanently. Other 

25 signals only need to be observed when a card carries 
out a data transaction during an appropriate bus cycle, 
for example data bus signals. An embodiment of the 
present invention can take account of this. 

In Figure 3, a number of contacts 50, 54, 56, 60 and 

30 64 in a connector 32 are illustrated schematically. These 
are for connection to respective contacts on a card 42. 
Figure 4 illustrates in more detail selected ones of the 
contacts shown in Figure 3. 

In particular, contact 50 in the connector 40 on the 

35 backplane 20 is connected to a bus line Vcc for supply- 
ing a power supply to the power supply contact 70 of an 
inserted card 42. However, rather than the contact 50 
being connected directly to the power supply line Vcc, 
the connector 40 or the backplane 20 is provided with a 
switch gate 52 (which is preferably configured as a field 
effect transistor) which is switched in response to a pow- 
er enable PE signal also supplied over the backplane 
20 from the bus controller 22. 

A contact 60 receives a bus request signal BR from 

45 a corresponding contact 80 of an inserted card 42. The 
bus request contact 60 is connected to a bus request 
line BR to the bus controller 22 via a bus request gate 
62 which, as shown in Figure 4, can be made to be re- 
sponsive to the power enable signal PE. In this case, 

so the bus request gate 62 can be arranged to provide a 
delay after receipt of the power enable signal before en- 
abling bus request signals to be passed from the contact 
60 to the bus request line BR. The delay is set in order 
to give sufficient time for the circuitry on the card 42 to 

55 stabilise. 

The power enable signal PE is supplied for switch- 
ing the switch 52 and for enabling the delay period to be 
commenced when it is detected, or the user signals, that 
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the card 42 has been correctly inserted within the con- 
nector 32. 

Alternatively, and particularly where a greater de- 
gree of flexibility is required, it may be preferable to im- 
plement the bus request gate 62 as a simple gate oper- 
ated under software control. 

A plurality of connectors 56 for data and address 
lines are provided. Each of the data/address contacts 
56 is connected to a corresponding data/address line D/ 
A on the backplane bus via a respective transmission 
gate 54. The transmission gates 58 are enabled by a 
gate enable signal GE, provided from the bus controller 
22. 

Also shown in Figure 3 is a ground contact 54 con- 
nected to a grounding line and a card enable contact 64 
connected to a card enable line CE from the bus con- 
troller 22. Corresponding contacts 54 and 84 are pro- 
vided on the card 42. It will be appreciated that additional 
contacts can be provided on the connector 32 and on 
the card 42 for additional signal lines as required by any 
particular implementation. 

Each of the contacts 70, 74, 76, 80 and 84 on the 
card 42 are connected to printed circuit or other wiring 
Vcc, G, D/A, BR, CE on the card 42 for connection to 
the appropriate functional units on that card. 

As represented in Figure 3, the data/address lines 
D/A are provided in parallel to each of the connectors 
30, 32 and 34. Also, the power and ground lines Vcc 
and G are provided in parallel to the connectors 30, 32 
and 34. Separate bus requests, gate enable, power en- 
able and card enable lines are provided to each of the 
respective connectors 30, 32 and 34. 

Figure 5 is a schematic representation of a connec- 
tor for use on a backplane, which connecter includes the 
various gates described with reference to Figure 4. A 
switch gate 52 (here a FET) is connected between a Vcc 
pin and the contact 50. The control signal PE is supplied 
via a PE pin. The PE signal is also supplied to a delay 
circuit 62 which is provided between a contact 60 and a 
pin BR. Also, a plurality of transmission gates 58 are 
provided in line between data/address contact 60 and 
D/A pins. The control input for each transmission gate 
58 is connected to a GE pin. It will be appreciated that 
Figure 5 is merely schematic and only illustrates select- 
ed pins. In practice, many more pins would be provided, 
and the connector may take on any standard or alterna- 
tive connector configurations. 

Although, in a preferred embodiment, at least the 
switch 52 and the transmission gates 58 would be pro- 
vided in the connector, in alternative embodiments, oth- 
er configurations of gates could be provided within the 
connector, subject to there being at least selected gates 
connected between critical contacts of the connector 
and corresponding pins for connection to printed circuit 
or other wiring on the backplane. 

Figure 6 is a flow diagram for schematically illustrat- 
ing the selective enabling of the various contacts in the 
connector 32 when the card 42 is inserted. 



The process is initiated by the user inserting the 
edge connector 38 of the card 42 into the connector 32 
on the backplane 20. A mechanism is provided 92 for 
detecting correct insertion of the card. This could be per- 
5 formed by the user inputting appropriate data into the 
computer 1 0 to confirm that the card has been correctly 
inserted. Alternatively, automatic means could be pro- 
vided for detecting the correct insertion of the card. Op- 
tionally, this could be by sensing a particular signal level 
10 at a contact 66, which on insertion of the card 42 makes 
contact with the further contact 86 on the card, over a 
line (e.g. an acknowledge line ACK) to the controller 22. 
As a further alternative, a mechanical sensor could be 
provided to detect the correct insertion of the card con- 
is nector 38 in the backplane connector 32. As a further 
alternative, impedance values on an existing line could 
be used to detect correct insertion of the card. 

Irrespective of the particular method used to detect 
correct insertion of the card, when this is detected at 
20 step 92, a power supply signal PE, is supplied at 94 from 
the bus controller 22 to the switch 54 for enabling power 
50 to be supplied to the card 42. This ensures that power 
is not supplied until all the appropriate connections have 
been made. 

25 As illustrated in Figure 4, the power enable PE sig- 
nal is also supplied to the delay stage 62 to prevent bus 
request signals being received by the bus controller 22 
from the insert card 42 until circuitry on that card has 
stabilised. This ensures that spurious bus request sig- 

30 nals and/or other spikes are not sent to the bus controller 
22. 

When the bus request signal line has been enabled 
in step 96, the card is then fully operational and the pow- 
er supply, clock and other permanently required signals 

35 are available permanently to the card 42. Also, the bus 
request line from the card is permanently monitored. 

However, in preferred embodiment of the present 
invention, the data/address contacts 56 of the connector 
32 are only enabled at appropriate bus cycle times for 

40 the card 42 in question, thus providing dynamic cycle 
switching. 

In the preferred embodiment of the invention, two 
mechanisms are employed by the bus controller 22 for 
determining when the data/address contacts 56 are en- 

45 abled for a particular card 42. 

The first mechanism is to enable the data/address 
contacts 56 by supplying a gate enable signal to the ap- 
propriate transmissions gates 58 when the card 42 in 
question when the controller grants the bus to the card 

50 in response to the card asserting the bus request line 
for that card. It will be noted that there is one bus request 
line on the backplane 20 for each card connector 30, 32, 
34 etc. Accordingly, the bus controller 22 knows imme- 
diately which card has asserted respective bus request 

55 lines, enables the appropriate transmission gates 58 by 
supplying an appropriate gate enable signal to the card 
in question at the same time as granting bus access dur- 
ing the appropriate bus cycle. 
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An alternative mechanism as represented in Figure 
7 is employed when the card in question is operating in 
the slave mode under the control of the controller 22. In 
order that the controller can predict which card is ad- 
dressed in such a mode, the card controller 22 employs s 
geographic addressing to address the individual cards. 
This achieved by employing programmable addressing 
(for example as provided in accordance with the PCI 
standard). Thus software effectively allocates a block of 
address space to a card (e.g. card 1 ) as represented 
schematically in Figure 7, for example, by a 256K block 
having a base address BASE. Accordingly, as schemat- 
ically represented in Figure 7, the bus controller 22 is 
provided with an address decoder 100 which is respon- 
sive to an address on address lines 102 to generate the 
gate enable signals GE0-GE3 for (in this case) up to four 
separate cards (it will be remembered that only three 
card connectors are shown and therefore only three 
card enable signals are needed, by way of example, in 
Figure 1 ). The bus controller 22 can thereby determine 
in advance the source of a response (acknowledgement 
ACK) to any cycle before the bus cycle commences, 
thereby enabling ready identification of a faulty card. 
The power enable signals and also the card enable sig- 
nals are preferably provided under software control. 

Although a particular configuration of lines is shown 
in Figure 3, it will be appreciated that this is merely one 
example of a possible line configuration for the back- 
plane bus and the connectors 32/38. Alternative de- 
tailed configuration of bus lines can be provided. Also, 
it is possible for example, to provide the gate enable sig- 
nals without the provision of separate gate enable fines 
on the backplane bus. For example, Figure 8 illustrates 
the use of a radial address line, RAD, which would be 
provided separately for each of the individual connec- 
tors 32 and a common strobe to determine the timing of 
the opening of the transmission gates 58. Firstly, al- 
though the strobe signal is supplied in common to all the 
cards, this could be used in combination with the selec- 
tively addressed RAD signal to ensure that the trans- 
mission gates for a particular card are enabled during 
the appropriate cycle for that card. 

There has been described a bus configuration 
which can enable hot insertion, fault isolation, and bus 
expansion for a standard backplane bus by the provision 
of transmission gates. 

An embodiment of the invention can isolate each 
connector of a bus (for example PCI bus) by the placing 
of transmission gates (for example configured as field 
effect transistors) on the backplane between PCI bus 
connectors. The transmission gates can be provided as 
an integral component in a connector for the insertion 
of a backplane card or could be provided on the back- 
plane bus itself. 

An embodiment of the invention can enable rapid 
and reliable fault detection through the use of geograph- 
ical decoding of the bus addresses whereby the bus 
controller will know immediately which connector (slot) 



has a bus connected to it in which a fault has occurred 
as the bus controller will know in advance which card 
will respond to any cycle before that cycle issues. 

By enabling the transmission gates for only the tar- 
geted connector in any bus cycle, the overall effective 
transmission line over the backplane bus is reduced to 
the line length on the backplane plus the transmission 
line length on the selected card. This provides signifi- 
cant transmission line advantages enabling reduced 
electromagnetic interference, and reliable higher fre- 
quency operation. 

Also, fault isolation becomes much easier as a fault, 
for example a short on a bus line bit, will only manifest 
itseff when the transmission gates for the faulty card are 
enabled. It will be appreciated that fault isolation is 
therefore facilitated. 

The additional backplane transistor isolation provid- 
ed for power supply lines, clocks, etc are a preferred 
embodiment of the invention, which are enabled when 
the card is turned on and are kept enabled until it is 
turned off. In a preferred embodiment of the invention 
as descrtoed herein, a number of advantages are pro- 
vided. 

A) A card is hot insertable as a result of keeping all 
of the gates turned off while inserting or removing 
the card. 

B) No leading pin connector is required on a card 
to enable hot insertion as any signal can touch first 
with the gates turned off. 

C) Features A and B together mean that a standard 
cold insertable PCI card can be used in a hot main- 
tained system. 

D) Transmission lines are much shorter as only one 
PCI slot is enabled at any one time - each individual 
PCI slot can have quite long bus traces which are 
isolated by the gates and do not effect the overall 
system, enabling PCI bus physical lengths which 
can rise from the usual 0.7 meters limit to about 2 
meters, making additional physical system config- 
uration. 

E) Where the bus talks to only one slot at a time, 
faults in that slot cannot effect other slots. Thus a 
PCI card in an embodiment of the invention can 
short all other PCI bus lines to ground and yet the 
other slots will still work perfectly. This enables good 
fault isolation of a single replaceable module. 

Although particular embodiments of the inventions 
have been described, it will be appreciated that the in- 
vention is not limited thereto, and many modifications 
and/or additions may be made within the scope of the 
invention. 



1 . A backplane for a computer system, the backplane 
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having at least one multi-contact connector for ex- 
pansion cards, at least one bus line for connection 
to a predetermined contact of said connect or(s), a 
gate connecting said bus line to a said predeter- 
mined contact, and a gate signal line for supplying 
a gate signal to said gate. 

2. A backplane according to Claim 1 , wherein at least 
a respective gate signal line is provided for each of 
a plurality of connectors to enable dynamic cycle 
switching. 

3. A backplane according to Claim 1 or Claim 2, 
wherein said bus comprises at least a plurality of 
data lines for connection to respective data contacts 
of a said connector, a respective transmission gate 
being provided between each said data line and the 
respective contact of said connector. 

4. A backplane according to Claim 3, wherein a re- 
spective gate signal line is provided for each of a 
plurality of connectors, said gate signal being sup- 
plied in parallel to each transmission gate of a said 
connector. 

5. A backplane according to Claim 3, wherein a plu- 
rality of gate signal lines are provided for each con- 
nector, whereby transmission gates of different con- 
tacts of a connector may be gated independently. 

6. A backplane according to any one of Claims 3 to 5, 
comprising at least one power line for connection to 
a power contact of said connector(s), a switch gate 
connected between said power line and the power 
contact of a said connector and a power signal line 
for supplying a power control signal to control said 
switch gate. 

7. A backplane according to any one of Claims 3 to 6, 
comprising at least one bus request line connected 
to a bus request contact of a said connector and a 
bus request gate for selectively passing said bus 
request signal from said bus request connector to 
said bus request line. 

8. A backplane according to Claim 6 or Claim 7, 
wherein said bus request gate is operable in use to 
pass a bus request signal only after a predeter- 
mined delay following power being supplied to a 
card connected to said connector. 

9. A backplane according to any preceding Claim, 
wherein said gate signal line is a strobe line com- 
mon to each connector, said strobe line being ac- 
tive, in use, as said gate line when a radial address 
signal on a radial address signal line for said con- 
nector is active. 



10. A multi-contact connector for the connection of an 
expansion card to a computer backplane, sad con- 
nector comprising a gate electrically connected in- 
line between a connector pin for connection to a line 

5 on a said backplane and a contact for connection 
to a corresponding contact on an inserted expan- 
sion card, a gate signal input of said gate being elec- 
trically connected to a connector pin for connection 
to a gate signal line. 

70 

11. A connector according to Claim 10, comprising a 
plurality of transmission gates, each electrically 
connected in-line between a respective connector 
pin for connection to a line on a said backplane and 

* 5 a respective contact for connection to a correspond- 
ing contact on an inserted expansion card. 

1 2. A connector according to Claim 1 1 , wherein respec- 
tive gate signal inputs for each of said transmission 

20 gates are electrically connected to a common con- 
nector pin for connection to a gate signal line. 

1 3. A connector according to Claim 1 1 , wherein respec- 
tive gate signal inputs for each of said transmission 

25 gates are electrically connected to separate con- 
nector pins for connection to respective gate signal 
lines. 

14. A connector according to any one of Claims 10 to 
30 13, additionally comprising a switch electrically con- 
nected in-line between a connector pin for connec- 
tion to a power line on a said backplane and a con- 
tact for connection to a corresponding power con- 
tact on an inserted expansion card, a control input 

35 of said switch gate being electrically connected to 
a connector pin for connection to a power signal 
line. 

1 5. A computer system comprising a backplane accord- 
40 ing to any one of Claims 1 to 9, and a bus controller 

connected to said bus line for data transmission and 
connected to said gate signal line for supplying a 
gate signal for said gate. 

45 16. A system according to Claim 15, wherein a respec- 
tive gate signal line is provided for each of a plurality 
of connectors, said bus controller selectively sup- 
plying a gate signal for enabling said transmission 
gates of one said connector for a given bus cycle to 

50 provide dynamic cycle switching. 

17. A system according to Claim 15 or Claim 16, where- 
in said bus comprises at least a plurality of data tines 
for connection to respective data contacts of a said 
55 connector, a respective transmission gate being 
provided between each said data line and the cor- 
responding contact of said connector. 
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1 8. A system according to Claim 1 7, wherein a respec- 
tive gate signal line is provided for each of a plurality 
of connectors, said bus controller selectively sup- 
plying a gate signal in parallel to each transmission 
gate of only one connector for a given bus cycle for 5 
enabling said transmissions gates of said connector 
for said given bus cycle. 

1 9. A system according to Claim 1 7 t wherein a plurality 

of respective gate signal lines is provided for each 10 
of a plurality of connectors, said bus controller se- 
lectively supplying gate signal at appropriate tim- 
ings to each transmission gate of only one connec- 
tor for a given bus cycle for enabling said transmis- 
sions gates of said connector for said given bus cy- is 
cle. 

20. A system according to any one of Claims 16 to 1 9, 
comprising at least one power line for connection to 

a power contact of said connector(s), a switch gate 20 
connected between said power line and the power 
contact of a said connector, a power signal line for 
supplying a power control signal to control said 
switch gate of said connector, wherein said bus con- 
troller selectively applies a power control signal on 25 
said power control signal line when a card has been 
inserted in said connector 

21. A system according to any one of Claims 16 to 20, 
comprising at least one bus request line connected 30 
to a bus request contact of a said connector and 
bus request gate for selectively passing said bus 
request signal from said bus request contact. 

22. A system according to Claim 21 , wherein said bus 35 
request gate is operable in use to pass a bus re- 
quest signal only after a predetermined delay fol- 
lowing power being supplied to a card connected to 
said connector 

40 

23. A system according to any one of Claims 15 to 22, 
wherein said gate signal line is a strobe line com- 
mon to each connector, said strobe line being ac- 
tive, in use, as said gate line when a radial address 
signal on a radial address signal line for said con- *s 
nector is active. 

24. A system according to any one of Claims 1 5 to 23, 
wherein said bus controller comprises an address 
decoder providing geographic decoding of address 50 
signals for respective cards, whereby said bus con- 
troller can determine in advance the source of a re- 
sponse to any bus cycle before said bus cycle com- 
mences. 

55 

25. A system according to Claim 24 comprising a PCI 
bus having geographic addressing of address sig- 
nals. 



26. A method of operating a PCI bus, comprising the 
configuring a PCI decoder of a bus address mech- 
anism to provide geographic addressing of cards 
connected to said bus, whereby a bus controller can 
determine in advance a source of a response to any 
bus cycle before said bus cycle commences. 

27. A method of connecting an expansion card to a 
backplane of a computer system, said method com- 
prising steps of: 

inserting an expansion card into a multi-contact 
connector for said expansion card; 
subsequently enabling a gate provided be- 
tween a bus line and a connector 
contact by supplying a gate signal on a gate sig- 
nal line to said gate. 

28. A method according to Claim 27 wherein said card 
is hot-inserted into said multi-contact connector. 

29. A method according to Claim 27 or Claim 28, where- 
in said bus controller selectively supplies a gate sig- 
nal for enabling said transmission gates of only one 
said connector for a given bus cycle, thereby pro- 
viding dynamic cycle switching. 

30. A method according to Claim 29, comprising a fur- 
ther step between said insertion step and said en- 
abling step of: 

supplying a power supply signal to a switch 
gate connected between a power line and a power 
contact of said connector when said card has been 
inserted in said connector, whereby power is sup- 
plied to said card only after insertion. 

31. A method according to Claim 30, comprising a fur- 
ther step after said step of supplying a power signal 
of: 

enabling a bus request signal to be passed 
from a bus request contact of said connector only 
after a predetermined delay following the supply of 
power to said card. 

32. A method according to any one of Claims 27 to 31 , 
wherein said insertion step is formed when said 
computer system is live. 

33. A method according to any one of Claims 27 to 32, 
comprising a step of applying geographic address- 
ing by a bus controller to cards connected to said 
computer system, whereby said bus controller can 
determine in advance the source of a response to 
any bus cycle before said bus cycle commences. 
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